in the city of Sio Paulo, Brazil. We usd Poisson regression techniques, adjusted for season and weather. The association between itmuterine moraity and air pollution was strong for NO2 (cfficient 0 0013/p 3; pc0.01) but lesser for SO2
The associations among daily counts of intrauterine mortality and pollutant concentrations (NO2, SO2 GO, 03, and particulate matter .10 pm) were invetigated for the perio raning from January 1991 to December 1992 in the city of Sio Paulo, Brazil. We usd Poisson regression techniques, adjusted for season and weather. The association between itmuterine moraity and air pollution was strong for NO2 (cfficient 0 0013/p 3; pc0.01) but lesser for SO2
(coefficient = 0.0005/pg/m3; p<O.lO) and CO (coefficient = 0.0223/ppm; p<0.10). A significant association was obserd when an index that combined these three pollutant was considered in the models instead of considering.each pollutant.individually (p.c.01). These associations exhibited a short time lag not ovr 5 days. In addition, some dence of frtal exposure to air pollution was obtained by disdosi a sgifint association between the levels ofcarboxyhemoglobin of blood sampled firom he umbical ord ad ambient CO levls in children delivered by nonsmoking pregnant women in the period from May to July 1995. 0ur results suggest that air pollution in Sio Paulo may promote adverse health effecs on fetus. Key words: air pollution, carboxyhemoglobin, fetus environmental exposure, intrauterine mortality. Environ Health P"ert 106:325-329 (1998). [ Online 5 May 1998] bttp://ehpneel.nieks.nbgovldo bstra .html Although adverse effects of air pollution on human health have been clearly demonstrated (1) (2) (3) (4) (5) (6) (7) (8) , there are still some important questions that have not been fully clarified. Most of the previous studies have examined the association between measurements of air pollution and mortality from all causes at different ages. Available evidence suggests that specific age groups may be more susceptible to air pollution (9-11) than others. However, a critical aspect of the age-dependent susceptibility to air pollution-the possible effects of air pollution on fetuseshas not yet been explored.
The idea that airborne insults may interfere with pregnancy seems to be plausible because the effects of maternal smoking on fetuses are well documented in the literature (12) . In this context, the hypothesis that air pollution may interfere with pregnancy, especially those considered high risk, is plausible, but not fully addressed. Atmospheric pollution in Sao Paulo is high enough to induce adverse health effects on experimental animals. Previous studies using rats as sentinel animals for assessing the chronic effects of air pollution disclosed functional alterations of mucociliary clearance, inflammatory changes along the respiratory tract, and bronchial hyperresponsiveness in exposed animals (13) (14) (15) (16) (17) . These experimental findings provide some degree of toxicological support to epidemiological studies that indicate a significant association between air pollution and mortality in Sao Paulo (10, 11 59 .0/o67.5%, 67.5-76.5%, >76.5%).
Using models with different lags and moving averages, we assigned equal weights for the days considered in the different time windows from 2 to 14 days. For example, in a 3-day lagged moving average, we computed the average pollution level of the concurrent day and the preceding 2 days. We adopted the 5-day moving average for NO2, a 3-day moving average for CO, and the mean of the concurrent day for S02, according to the highest regression coefficient and statistical significance.
Considering the marked degree of interdependence of the pollutants present in the urban atmosphere, we developed an index of overall pollution (IOP) using the pollutants that presented significant associations with intrauterine mortality.
where d= daily mean level and NO2, CO, and SO2 = the biannual mean of respective pollutants. Thus, the IOP reflects variations of air pollution concentrations and may be used as a proxy variable of total exposure, a parameter that may be needed when it is difficult to ascribe to a single pollutant a health effect that is detected in a complex group of environmental pollutants, which all may be significant. New models were built using different lags and moving averages of the IOP. Because we obtained significant associations between intrauterine mortality and some pollutants, we designed a second study with the intention of obtaining some evidence of fetal exposure to ambient levels of pollution..We selected the levels of carboxyhemoglobin (COHb) in fetal blood as an estimator of exposure to ambient pollution (expressed in terms of CO) because of the relative stability of the ligation between fetal hemoglobin to CO and because of the feasibility of determining reliable COHb SO2 and CO exhibited a marginal association with intrauterine mortality, but only when Poisson regression was employed. In Table 5 When all the pollutants were included simultaneously in the model, the association between intrauterine mortality and NO2 remained significant (Table 5 ).
The sensitivity of the association between intrauterine mortality and NO2 was evaluated via models with different specifications of the independent variables. To the basic univariate model (model 1 in Figs. 1-3 ), we included, in a progressive way, 23 indicator variables for month and year, 6 indicator variables for day of week, 2-day moving averages of temperature and humidity, and 3 indicator variables each for temperature and humidity. The coefficient for NO2 increased slightly with the inclusion of more controlling variables (Fig. 1) , whereas the coefficients for SO2 and CO remained relatively stable across different model specifications (Fig. 2 and Fig. 3 ). Regression models using intrauterine mortality as the dependent variable and 23 indicator variables for month and year, 6 indicator variables for day of the week, 2-day moving averages of temperature and humidity, and 3 indicator variables each for temperature and humidity, in which five categories of NO2 (quintiles) concentrations were used as dummy variables instead of the continuous pollution variable, suggested that the relative risk of intrauterine death was dose dependent for NO2 (Fig. 4) . In the same way, Figure 5 concentrations were included. CO does not seem to present a dose-dependent behavior. In fact, the most robust association was observed when IOP (the average of the rates of variation of NO2, CO, and SO2) was considered in the models instead of as single pollutants. A significant (p<0.001) and dose-dependent relationship with intrauterine mortality was detected (Fig.  7) , with the best signal coming from the 3-day moving average of this pollution index.
Interestingly enough, the association between IOP and intrauterine mortality was almost linear, with no evidence of a safe threshold.
Second study. Table 6 presents the summary measures for the COHb levels and newborn weight and the CO levels measured during the period of study. The estimated regression model relating COHb and CO adjusted for passive smoking and weight is shown in Table 7 . Passive smoke and CO presented significant associations with COHb levels. Figure 8 presents the percentage increase in the levels of COHb in the blood of fetuses as a function of categories of environmental CO (formed based on the tertiles). This figure suggests that the association between COHb and CO levels may be dose dependent.
This finding suggests that the levels of COHb are influenced by outdoor concentration of CO for nonsmoking women and may interfere with the oxygen levels in the fetuses.
Discussion
Our results showed a significant and robust association between air pollution and intrauterine mortality in Sao Paulo for the period from January 1991 to December 1992. NO2 was more significantly associated with this adverse health effect than other pollutants. This association was significant, despite the several controlling variables employed in the modeling procedures (Table 4 and Fig. 1 ), and exhibited dosedependent behavior (Fig. 4) . The observed association is in agreement with that of previous studies that showed a significant association between mortality due to respiratory causes and NOx in children (10).
The other pollutants associated with intrauterine mortality were SO2 and CO, but the corresponding associations were more sensitive to the specifications of the models and did not seem to present dosedependent behavior.
Considering the high degree of correlation between the concentrations of all the pollutants (Table 3) , it is very difficult to ascribe the observed adverse health effect to a single pollutant. Thus, whether our results are dependent on intrinsic NO2, S02, or CO effects or, alternatively, whether these three pollutants represent proxy variables for the complex automotive emission products is a point that is still to be clarified. In fact, the most robust association was observed when an index of air pollution, which combined the three pollutants associated with mortality, was used in the modeling (Fig. 7) .
Although there are intrinsic limitations in ecological studies, the association between air pollution and mortality that we detected seems robust enough to be considered biologically significant. First of all, this positive association was stable across different model specifications and when Index of overall pollution Figure 7 . Relative risk of intrauterine mortality for increasing concentrations of the index of overall pollution in the study. (24) suggested that atmospheric nitrogen oxides increase methemoglobin levels, which interferes with the oxygen-carrying capacity of hemoglobin in children. Infants are particularly susceptible to such events because fetal hemoglobin is more prone to be oxidized to methemoglobin (25) .
To obtain further evidence of fetal exposure to air pollution, we carried out additional studies to verify whether a marked fetal exposure to pollution was affected by outdoor levels of contamination. Unfortunately, the network of the CETESB did not provide measurements of NO2 in 1995. Thus, we considered COHb as our fetal marker of acute pollution exposure because other studies have demonstrated that COHb levels for newborns of smoking mothers are higher than those of nonsmoking mothers (26, 27) . In this context, we conducted a second experiment by measuring the COHb levels in blood collected from the umbilical cord in 47 nonsmoking women. We performed the measurements along the period of May to July 1995. Although based on a relatively small sample (n = 47), we detected a significant dosedependent relationship between CO and COHb. Our results reinforce the biological plausibility of an association between air pollution and fetal death because high levels of COHb may cause a decrease in oxygenation and may even lead to death.
The association between air pollution and fetal mortality that we detected is somewhat surprising. If this association is true, there may be fetuses with a greater susceptibility to injury such that a small decrease in oxygenation may represent an event that can lead to death. In this case, we postulate that fetuses at imminent risk of dying may represent the preferential target of air pollution injury, especially if we consider the short time lag between the increase in air pollution and death observed in our study.
